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LED LUMINAIRE FOR GENERATING 
SUBSTANTIALLY UNIFORM ILLUMINATION 

ON A TARGET PLANE 

BACKGROUND 

At step 130, a third re?ector is con?gured to direct light 
from the second subset of LEDs toWard (X0 and at step 132 a 
fourth re?ector is con?gured to re?ect light from this second 
subset of LEDs toWards (X0. For example, With reference back 
to FIG. 6, the re?ective surfaces 36, 38, 42 and 44 are each 
con?gured to direct light from a respective ring of LEDs 
generally toWards a direction that is 60° offset from vertical. 

Illumination is inversely proportional to the square of the 
distance betWeen the point light source and the surface to be 
illuminated, i.e. the target area. Because of this laW, a light 
?xture placed x distance (feet or meters) above a planar target 
area Will require four times the light output in a direction that 
is offset 60° from the vertical axis as compared to the light 
output in the vertical axis in order to provide the same lumi 
nance at each location. Known light sources, incandescent 
and arc type lamps, account for this by designing a re?ector 
that directs more light toWard the periphery of the target area. 
This design can be accomplished by assuming that the incan 
descent or arc type light source is a point light source and then 
appropriately shaping the re?ector to accommodate this point 
light source. 

Light emitting diodes (“LEDs”), on the other hand, are 
typically not poWerful enough so that a single LED, Which 
could act as the point light source similar to the incandescent 
and arc type lamps, provides su?icient illumination of the 
target area. This is especially the case Where the LED is 
positioned several feet or meters above the target area. More 
over, LEDs typically do not emit light in a spherical pattern, 
such as incandescent and arc-type lamps, thus making it 
dif?cult to design an appropriate re?ector. 

To provide suf?cient illumination for the target area mul 
tiple LEDs can be required to provide the su?icient amount of 
lumens to provide the minimum luminance to meet the 
project speci?cations for the target area. LEDs are typically 
mounted on a printed circuit board (“PCB”) and When a 
suf?cient amount of LEDs are provided on the PCB, hoWever, 
the siZe of the PCB required and the number of LEDs required 
makes it di?icult to consider the plurality of LEDs in aggre 
gate as a single point light source. In vieW of this, it has been 
knoWn to provide separate optics, either refractive of re?ec 
tive, for each LED to redirect the light emanating from each 
LED. Providing a separate optic for each LED can be expen 
sive and also make design of the ?xture dif?cult, especially 
Where it is desirable to provide a light ?xture that is easily 
scalable so that it can be used in a number of different appli 
cations. 

SUMMARY 

A luminaire, according to a ?rst embodiment, includes a 
?xture housing, a plurality of LEDs disposed on a mounting 
surface in the ?xture housing, and at least one re?ector dis 
posed in the housing. A center of each LED is positioned 
along a line and each LED faces toWards an associated target 
surface that is vertically spaced from the luminaire. The at 
least one re?ector includes ?rst and second re?ective sur 
faces. Each re?ective surface is con?gured With respect to the 
line on Which the LEDs are positioned so that the ?rst re?ec 
tive surface and the second re?ective surface each re?ect light 
from each of the LEDs in a substantially same direction that 
is offset from a vertical axis. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
According to another embodiment, a luminaire includes a 

?xture housing, a plurality of LEDs disposed on a mounting 
surface in the ?xture housing, and a at least one re?ector 
disposed in the housing and con?gured to re?ect light ema 
nating from each LED and to direct the re?ective light toWard 
the associated target surface. A center of each LED is posi 
tioned along a line and each LED is directed toWards an 
associated target surface vertically spaced from the lumi 
naire. The at least one re?ector includes ?rst and second 
re?ective surfaces. In a cross section taken normal to the line 
on Which the LEDs are disposed, each re?ective surface fol 
loWs along a portion of a conic having a symmetrical axis 
disposed at an angle other than perpendicular to the mounting 
surface. 

In yet another embodiment, a luminaire for generating 
substantially uniform illumination on a target surface 
includes a plurality of LEDs mounted to a support and at least 
one optic connected to the support. The LEDs and the at least 
one optic are con?gured to generate a beam pattern Where a 
?rst light intensity along an axis is about tWenty percent to 
about thirty percent of a second light intensity that is gener 
ated at about ?fty degrees to about seventy degrees angularly 
offset from the axis. The at least one optic cooperates With 
greater than one LED of the plurality of LEDs to produce the 
beam pattern. 
A method for illuminating a target plane includes provid 

ing a luminaire a distance x measured in a vertical axis from 
a target plane. The method further includes providing a plu 
rality of LEDs on a mounting surface of the luminaire each 
facing toWards the target plane. The method further includes 
directing light of a ?rst intensity from the plurality of LEDs 
toWard a ?rst area of the target plane that is normal to the 
vertical axis. The method further includes directing light, via 
a re?ective optic or a refractive optic, of a second intensity 
from the plurality of LEDs toWard a second area of the target 
plane that is offset from the vertical axis an angle 0t. The 
second intensity equals about the inverse of the ?rst intensity 
multiplied by the square of cosine 0t. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a ?rst (upper) side of a 
luminaire that generates substantially uniform illumination 
across a target surface. 

FIG. 2 is a perspective vieW of a second (loWer) side of the 
luminaire of FIG. 1. 

FIG. 3 is an exploded vieW of the luminaire of FIG. 1. 
FIG. 4 is a schematic depiction of the luminaire of FIG. 1 

mounted to a light pole and illuminating a target plane. 
FIG. 5 is a perspective vieW of a re?ector/PCB assembly 

found in the luminaire of FIG. 1. 
FIG. 6 is a cross-sectional vieW of re?ectors of the re?ec 

tor/PCB assembly. 
FIG. 7 is a ?oW chart shoWing an example of a method that 

can be used to design the luminaire shoWn in FIG. 1. 
FIG. 8 is a graph shoWing a theoretical perfect luminous 

intensity at different angles With respect to a vertical axis and 
simulated data of luminous intensity at different angles With 
respect to a vertical axis for the luminaire shoWn in FIG. 1. 

FIG. 9 is a graph shoWing the luminance across the target 
plane generated by the luminaire shoWn in FIG. 1. 

DETAILED DESCRIPTION 

With reference to FIGS. 1 and 2, an example of a luminaire 
10 that is capable of providing uniform illumination across a 
target surface, or target plane, is shoWn. With reference to 
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FIG. 3, the luminaire includes, among other components, a 
?xture housing 12 and a re?ector/PCB assembly 14 that 
mounts to the ?xture housing. With reference to FIG. 4, the 
luminaire 10 is con?gured to mount to a light pole P and 
illuminate a target plane TP, Which can make up a portion of 
a parking lot, a building ?oor, a ?eld, etc. Similar to a con 
ventional luminaire that is used to illuminate a target plane, 
the area that is illuminated by the luminaire 10 of the present 
embodiment is circular in plan vieW. Alterations can be made 
to change the illumination pattern. 

With reference to FIG. 4, the luminaire 10 (depicted sche 
matically) mounts to a light pole P and the light pole de?nes 
a vertical axis, Which Will be referred to as the pole axis PA. 
The luminaire 10 could also mount beloW the target plane, 
eg the target plane could be a ceiling. In such an instance, or 
Where no pole is provided, the vertical axis is the axis that is 
centered on the light source of the luminare 10 and is normal 
to the target pane TP. Since, as mentioned above, illumination 
is inversely proportional to the square of the distance betWeen 
a point light source and the surface to be illuminated the 
lumen output from the point light source in the angular direc 
tion 60° offset from the pole axis PA must be four times the 
lumen output in the vertical direction to provide the same 
illumination on the target plane at a location directly beneath 
the light source as at the location on the target plane that is 
offset 60° from the light pole. Where the luminaire 10 is a 
great enough distance above (or beloW) the target plane TP, it 
can be assumed to act as a point light source. The luminaire 10 
is con?gured to provide greater lumen output aWay from the 
vertical axis, i.e. the pole axis PA, to provide more uniform 
illumination across the target plane TP. 

With reference to FIG. 5, the re?ector/PCB assembly 14 in 
the depicted embodiment includes an outer re?ector 30, an 
intermediate re?ector 32, and an inner re?ector 34. The 
re?ectors 30, 32, and 34 can be three separate components, 
formed as an integral piece or tWo adjacent re?ectors can be 
formed as an integral piece and the remaining re?ector can be 
a separate piece. The outer re?ector 30 forms a ?rst re?ective 
surface 36. The intermediate re?ector 32 forms a second 
re?ective surface 38 and a third re?ective surface 42. The 
inner re?ector 34 forms a fourth re?ective surface 44 and a 
?fth re?ective surface 46. A feWer or a greater number of 
re?ectors and re?ective surfaces can be provided. 

The re?ector/PCB assembly 14 in the depicted embodi 
ment also includes LEDs mounted to a mounting surface 52 
of a PCB 54. The LEDs all face toWard the target plane TP 
(FIG. 4, i.e. doWnWard in the example shoWn in FIG. 4). The 
LEDs mount to the mounting surface 52, Which is planar, of 
the PCB 54 so that an outer set 56 of LEDs have their centers 
disposed along a line, an intermediate set 58 have their centers 
positioned along a line, and an inner set 62 are formed in an 
array. More particular to the depicted embodiment, the outer 
LED set 56 forms a ring, or circle, and cooperates With the 
?rst re?ective surface 36 and the second re?ective surface 38. 
The intermediate LED set 58 forms a ring, or circle, and 
cooperates With the third re?ective surface 42 and the fourth 
re?ective surface 44. The inner LED set 62 cooperates With 
the ?fth re?ective surface 46. 
As more clearly seen in FIG. 6, the outer re?ector 30 and 

the intermediate re?ector 32 de?ne an outermost aperture 70 
disposed betWeen these re?ectors. In a depicted embodiment, 
the outermost aperture 70 is circular so that the outer set 56 of 
LEDs are disposed in this aperture 70. Similarly, the interme 
diate re?ector 32 is spaced from the inner re?ector 34 to 
de?ne an intermediate circular aperture 72 that receives the 
intermediate LED set 58. The inner 34 re?ector includes a 
circular opening 74 to receive the inner LED set 62. The 
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4 
apertures 70, 72 and 74 are concentric about the vertical axis 
VA of the luminaire 10. As more clearly seen in FIG. 6, the 
second re?ective surface 38 and the third re?ective surface 42 
share a common edge and the fourth re?ective surface 44 and 
the ?fth re?ective surface 54 also share a common edge. 
The outer LED set 56 is disposed on the PCB 54 so that 

their centers form a circle that is concentric about a central 
axis VA of the luminaire 10, Which is parallel With the pole 
axis PA When the luminaire is mounted to a pole (see FIG. 4). 
LikeWise the intermediate LED set 58 is disposed on the PCB 
54 so that their centers form a circle that is concentric about a 
central axis VA of the luminaire. The re?ective surfaces 36, 
38, 42, 44 and 46 are each formed having an axis of revolution 
that is concentric With the central axis of the luminaire 10. 
The outer LED set 56 and the ?rst and second re?ective 

surfaces 36, 38 are con?gured and positioned With respect to 
one another to direct light toWard an area of the target plane 
TP that is angularly offset from the pole axis PA. The angular 
offset is the internal angle measured betWeen the vertical axis 
VA of the luminaire, Which is typically parallel to the pole 
axis PA, and the angle at Which light is re?ected from a 
respective re?ective surface. More particularly, since four 
times the lumen output is required to illuminate the area of the 
target plane that is angularly offset 60° from the pole axis PA 
as compared to the area of the target plane directly beneath the 
luminaire 10, the ?rst re?ector surface 36 and the second 
re?ector surface 38 have a conic section con?guration (more 
speci?cally a parabolic con?guration in a cross section taken 
normal to the line on Which the outer LED set 56 residesisee 
FIG. 6) that is con?gured to direct light that re?ects off of the 
?rst and second re?ective surfaces at about 60° (eg about 50° 
to about 70°, and more preferably about 55° to about 65°) 
from vertical. More particularly, the ?rst re?ective surface 36 
and the second re?ective surface 38 direct light in a substan 
tially identical angular direction toWard an area on the asso 
ciated target surface. For example, in the embodiment 
depicted the ?rst re?ective surface 36 is con?gured to direct 
light at about 60° from vertical and the second re?ective 
surface 38 is con?gured to direct light at about 62° from 
vertical. Accordingly, the ?rst re?ective surface 36 and the 
second re?ective surface 38 direct light in a substantially 
identical angular direction. The differences betWeen the 
direction at Which the ?rst re?ector is con?gured to direct 
light and the direction at Which the second re?ector is con 
?gured to direct light is a function of hoW closely the intensity 
at the target plane matches the “perfect distribution” intensity, 
Which Will be discussed in more detail beloW (see FIG. 8). 

Likewise, the intermediate LED set 58 and the third and 
fourth re?ective surfaces 42, 44 are con?gured andpositioned 
With respect to one another to direct light toWard an area of the 
target plane TP that is angularly offset from the pole axis PA. 
The third re?ector surface 42 and the fourth re?ector surface 
44 have a conic section con?guration (more speci?cally a 
parabolic con?guration in a cross section taken normal to the 
line on Which the intermediate LED set 58 residesisee FIG. 
6) that is con?gured to direct light that re?ects off of the third 
and fourth re?ective surfaces at about 60° (eg about 50° to 
about 70°) from vertical. For example, in the embodiment 
depicted the third re?ective surface 42 is con?gured to direct 
light at about 54° from vertical and the fourth re?ective sur 
face 44 is con?gured to direct light at about 60° from vertical. 
Accordingly, the third re?ective surface 42 and the fourth 
re?ective surface 44 direct light in a substantially identical 
angular direction. The differences betWeen the direction at 
Which the third re?ector is con?gured to direct light and the 
direction at Which the fourth re?ector is con?gured to direct 
light is a function of hoW closely the intensity at the target 
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plane matches the “perfect distribution” intensity, Which Will 
be discussed in more detail below (see FIG. 8). 

Accordingly, the outer LED set 56 and the intermediate 
LED set 58 can illuminate, generally, the same portion of the 
target plane. If desired, hoWever, the shape of the re?ectors 
can be altered so that the ?rst LED set 56 illuminates a ?rst 
portion or sWath of the target plane and the second LED set 58 
illuminates a second portion or sWath of the target plane. 
Moreover, the shape of the individual re?ectors can be altered 
to direct light Where it is most needed to provide the most 
uniform illumination over the entire target plane. 

The inner LED set 62, Which is in the form of an array and 
centrally disposed on the mounting surface 52 of the PCB 54, 
along With the ?fth re?ective surface 46, direct light to illu 
minate the central area of the target plane TP, i.e. the circular 
area of the target plane betWeen the 60° offset location of the 
target plane and the pole axis PA. Much of the target plane that 
is illuminated betWeen the portion of the target plane that 
offset 60° to the left in FIG. 4 and the portion of the target 
plane that is offset 600 to the right in FIG. 4 is illuminated by 
the third LED set 62 and this light is not re?ected by a re?ector 
of the luminaire. The ?fth re?ective surface 54 is used to 
direct light to more closely match “perfect distribution” 
intensity, Which is shoWn in FIG. 8. 

The design of the luminaire is scalable. If more light inten 
sity is needed at the target plane TP, more LEDs (or higher 
poWered LEDs) can be added to the luminaire 10. By using 
the re?ectors and situating the LEDs in rings, or lines, around 
the central LED array, i.e. the central LED set 62 in the 
depicted embodiment, the additional rings or lines of LEDs 
can be used to illuminate the portion of the target plane that 
requires a greater lumen output to maintain uniform illumi 
nance across the target plane. If more light intensity is needed 
at the outer edges of the target plane, then additional LED 
rings, eg in addition to the outer LED set 56 and the inter 
mediate LED set 58, and additional re?ectors can be added to 
the luminaire 10. 

In addition to being scalable, the luminaire 10 can also be 
designed to provide a beam pattern that is a shape other than 
circular. For example, the re?ector/PCB assembly 14 can be 
cut in half, e. g. at the axis VA in FIG. 6, to provide a semicir 
cular shaped beam pattern. The re?ectors can also take alter 
native con?gurations to provide a rectangular or square 
shaped beam pattern. Generally, 1/4 of the light output ?ux 
from the luminaire is directed toWards the center of the target 
plane as compared to the light output ?ux that is directed 
toWard the periphery of the target plane, Which provides four 
times the light output at a location on the target plane that is 
angularly offset 60° from vertical. 

With reference to FIG. 7, the luminaire 10 can be designed 
in the folloWing manner. At step 100, the desired intensity 
threshold for the target plane TP is determined, Which is 
typically equal to a minimum luminance (candela per square 
foot or meter) required by the design. At step 102, the height 
x that the luminaire 10 Will reside above the target plane TP is 
then determined. This can often be a function of the minimum 
pole height alloWed for a parking lot application or the ceiling 
height if the luminaire is located in a building. At step 104, the 
number (and poWer) of LEDs required to provide the desired 
intensity threshold at a location directly beloW (or above) the 
luminaire is determined. These LEDs can coincide With the 
central LED set 62 shoWn in FIG. 5. Since the height x Will 
typically greatly exceed the plan dimensions of the array for 
the central LED set 62, the central LED set (as Well as all the 
LEDs for the luminaire 10) can be assumed to act as a point 
light source. 
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At step 106, the “perfect distribution” of intensity over the 

target plane TP for uniform illumination across the target 
plane is determined. With reference to FIG. 8, “perfect dis 
tribution” is shoWn as line 108 Where relative intensity is 
plotted in the vertical axis and the angular offset is depicted in 
the horiZontal axis. The “perfect distribution” is determined 
using the relationship of the cosine of the internal angle 
betWeen the pole axis and the direction at Which light is 
emitted from the luminaire and the fact that illumination is 
inversely proportional to the square of the distance betWeen a 
point light source and the surface to be illuminated. Since 
uniform illumination is desired across the target plane, the 
luminous ?ux generated at a particular angle can be deter 
mined. 

With reference back to FIG. 7, at step 112, an additional set 
of LEDs, Which coincides With either outer LED set 56 or the 
intermediate LED set 58, is provided in a line offset from the 
LED array, eg the central LED set 62, to provide a desired 
intensity on the target plane at an angle 0t from the vertical 
axis. At step 114, it is determined Whether the required offset 
of the additional LEDs in the line, Which Would typically be 
formed in a circle, Would make the luminaire 10 too big. If the 
luminaire Would be too big or the offset be too great, then at 
step 116 the additional sets of LEDs are broken into subsets, 
Which can coincide With the outer LED set 56 and the inter 
mediate LED set 58. 
Where multiple LED sets are required, at step 118, the ?rst 

subset of LEDs can be provided in a line offset from the array 
(the outer LED set 56 can be positioned aWay from the central 
LED set 62). At step 122, a ?rst re?ector is con?gured to 
re?ect the light from the ?rst subset of LEDs (Which coincides 
With the outer LED set 56) (FIG. 5) toWard the ct". To re?ect 
light toWard the (X0, the re?ector is provided having a conic 
shape Where the line in Which the ?rst subset of LEDs is 
located on the focus of the conic section to provide a colli 
mated beam pattern directed in the direction of (X0. To provide 
a more easily manufactured re?ector, the re?ector can then be 
cut or truncated so that the re?ector folloWs only a portion of 
this conic section, Which still alloWs the re?ector to direct 
light toWards the (X0. As more clearly seen in FIG. 6, each 
re?ective surface is truncated in a plane that is parallel to the 
mounting surface 54 of the PCB 56. The conic section, e.g. 
parabola is tilted With respect to the vertical axis VA so that 
light that contacts in the re?ective surface is directed toWards 
the angular direction (X0. 

At step 124, a second re?ector is con?gured to re?ect light 
from the ?rst subset of LEDs toWard oto. In other Words, With 
reference back to FIG. 6, the ?rst re?ective surface 36 can be 
con?gured to direct light generally 60° offset from vertical 
and the second re?ective surface 38 is con?gured to direct 
light generally 620 from vertical. Both of the re?ective sur 
faces 36 and 38, as Well as re?ective surfaces 42 and 44, 
generally folloW a conic section Where the conic (Which in 
this case is a parabola) has its symmetrical axis tilted toWard 
the direction in Which it is desired to direct light, eg about 
60° from the vertical axis. Again, this conic shaped re?ector 
can also be cut or truncated. 

At step 126, a second subset of LEDs (Which can also be 
placed in a ring around the ?rst subset as Well as the central 
array) is provided in a line offset from the ?rst subset of 
LEDs. For example, With reference to FIG. 5, the central LED 
set 58 is disposed inside the outer LED set 56 and each are 
formed in a circle that is concentric about a symmetrical axis 
of the luminaire. 
At step 132, a third re?ector is con?gured to direct light 

from the second subset of LEDs toWard (X0 and at step 132 a 
fourth re?ector is con?gured to re?ect light from this second 
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subset of LEDs towards (X0. For example, With reference back 
to FIG. 6, the re?ective surfaces 36, 38, 42 and 44 are each 
con?gured to direct light from a respective ring of LEDs 
generally towards a direction that is 60° offset from vertical. 

Light distribution from this luminaire is then compared to 
the perfect distribution at step 134. For example, simulated 
data, Which can be derived using known computer modeling 
programs, is shoWn at line 135 in FIG. 8 that closely matches 
the perfect distribution. If the luminaire is designed such that 
there is not a reasonable match betWeen the simulated data 
and the perfect distribution, then at step 136 the re?ectors can 
be recon?gured in an effort to more closely match a perfect 
distribution. The light distribution can then be modeled again 
and compared at step 134. If a reasonable match occurs then 
at step 138 the luminaire design is ?nished. 

With reference back to step 114, if the required offset or 
additional LEDs do not make the luminaire too big, then at 
step 142 a ?rst re?ector is con?gured for the additional set of 
LEDs. The design of this re?ector is similar to the step 118 
described above. Additionally, at step 144 a second re?ector 
is con?gured to re?ect light from the additional set of LEDs 
toWard (X0 and then this design luminaire is compared to the 
perfect distribution. 

FIG. 9 shoWs illumination across a target plane at line 146 
Which measures foot candles across a target plane Where the 
luminaire is disposed 25 feet (or meters) above the target 
plane. As can be seen in FIG. 9, the distribution across the 
target plane is generally uniform illumination across the tar 
get plane. 

With reference back to FIG. 3, the ?xture housing is typi 
cally made of metal and includes a plurality of ?ns 150 that 
provide a heat dissipating function for the luminaire. The 
?xture housing 12 also includes a circular recess, Which can 
take alternative con?gurations, to receive the re?ector/ PCB 
assembly 14. The re?ector housing also includes a passage 
154 that leads to an electrical panel recess 156. The electrical 
panel recess receives poWer conditioning electronics (not 
shoWn) that can condition line voltage to provide the appro 
priate current and voltage to the LEDs of the re?ector/PCB 
assembly 14. An electrical panel cover 158 covers the elec 
trical panel recess 156. A ?xture Wire pass cover 162 covers 
the passage 154 betWeen the circular recess 152 and the 
electrical panel recess 156. Wires (not shoWn) connecting the 
PCB 56 to the poWer conditioning electronics pass through 
this passage 154. The ?xture housing 12 attaches to a mount 
ing bracket 164 to attach to a light pole. A mounting box cover 
166 is provided to cover a holloW portion of the mounting 
bracket Which can store Wires in other components. 

A spherical cover 170 attaches to the ?xture housing 12 to 
cover the re?ector/ PCB assembly 14. A retaining ring 172 is 
used to a?ix the electrical cover 170 to the ?xture housing 12. 
The spherical cover 170 is designed so that light is neither 
re?ected nor refracted as it passes through the spherical cover 
170. Accordingly, in this instance the cover 170 has a spheri 
cal shape to accommodate the polar angles at Which light is 
being emitted from the re?ector/PCB assembly 14. 
As mentioned above, the design for the luminaire 10 is 

scalable. Moreover, the luminaire can be slightly recon?g 
ured to utiliZe refractive optics instead of re?ective optics. In 
such an instance, lenses, Which Would be circular if a circular 
beam pattern Were desired, Would be provided over the rings 
of LEDs to refract the light toWards the desired angle. If a 
narroWer beam pattern is desired, the optics, Whether it be a 
re?ective or refractive optics, can be con?gured to direct the 
light at angles that are greater than 60° or less than 60°. The 
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8 
embodiment shoWn and described is one speci?c example of 
a luminaire that can provide a general uniform illumination 
across a target plane. 
The broad concepts discussed herein Will be apparent to 

those skilled in the art after having read this description. 
Rather than using an optic for each LED or a macro optic for 
the entire array, the luminaire described uses a hybrid 
approach that creates portions of the beam pattern from por 
tions of the LED array. The light is redirected from these 
portions of the LED array using re?ectors that are aimed to 
purposely ?ll portions of the beam pattern. The design can be 
modular to provide a “D” shaped beam pattern, for example, 
as Well as other beam patterns. The invention has been par 
ticularly described With reference to one embodiment and 
alternatives have been discussed. The invention, hoWever, is 
not limited to only the particular embodiment described or the 
alternatives described herein. Instead, the invention is broadly 
de?ned by the appended claims and the equivalents thereof. 

The invention claimed is: 
1. A luminaire comprising: 
a ?xture housing; 
a plurality of LEDs disposed on a mounting surface in the 

?xture housing, a center of each LED positioned along a 
line and each LED facing toWards an associated target 
surface vertically spaced from the luminaire; and 

at least one re?ector disposed in the housing including ?rst 
and second re?ective surfaces, each re?ective surface 
being con?gured With respect to the line on Which the 
LEDs are positioned so that the ?rst re?ective surface 
and the second re?ective surface each re?ect light ema 
nating from each of the LEDs located on the same line in 
a substantially same direction that is offset (X0 from a 
vertical axis. 

2. The luminaire of claim 1, Wherein each re?ective surface 
has a con?guration of at least a partial conic section, Wherein 
the focus of a conic that overlaps the at least a partial conic 
section intersects the line on Which the LEDs are positioned. 

3. The luminaire of claim 1, Wherein the line is curved and 
the ?rst re?ective surface and the second re?ective surface 
remain parallel to the line. 

4. The luminaire of claim 1, Wherein the line forms a circle 
and the re?ective surfaces each form a surface about an axis of 
revolution that is concentric With the center of the circle. 

5. The luminaire of claim 1, further comprising an addi 
tional plurality of LEDs that are not disposed along the line 
and the at least one re?ector further includes an additional 
re?ective surface, the additional plurality of LEDs and the 
additional re?ective surface cooperating With one another to 
direct light in an area of the target surface betWeen vertical 
and (X0. 

6. A luminaire comprising: 
a ?xture housing; 
a plurality of LEDs disposed on a mounting surface in the 

?xture housing, a center of each LED positioned along a 
line and each LED being directed toWards an associated 
target surface vertically spaced from the luminaire; and 

at least one re?ector disposed in the housing and con?g 
ured to re?ect light emanating from each LED and to 
direct the re?ected light at an angle of about 500 to about 
70° offset from the associated target surface, the at least 
one re?ector including ?rst and second re?ective sur 
faces, in a cross section taken normal to the line on Which 
the LEDs are disposed each re?ective surface folloWs 
along a portion of a conic having a symmetrical axis 
disposed at an angle other than perpendicular to the 
mounting surface. 
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7. The luminaire of claim 6, wherein the plurality of LEDs 
include a ?rst set of LEDs disposed along a ?rst line and a 
second set of LEDs disposed along a second line, Wherein the 
?rst re?ective surface and the second re?ective surface re?ect 
light from the ?rst set of LEDs located along the ?rst line, and 
the at least one re?ector includes a third re?ective surface and 
a fourth re?ective surface con?gured to re?ect light from the 
second set of LEDs located along the second line. 

8. The luminaire of claim 7, Wherein the ?rst line and the 
second line each form a respective circle. 

9. The luminaire of claim 8, Wherein the second re?ective 
surface and the third re?ective surface share a common edge. 

10. The luminaire of claim 9, further comprising a further 
plurality of LEDs disposed inside the circle formed by the 
second line. 

11. The luminaire of claim 10, Wherein the at least one 
re?ector includes a ?fth re?ective surface con?gured to 
re?ect light emanating from the further plurality of LEDs 
disposed inside the circle formed by the second line. 

12. The luminaire of claim 11, Wherein the fourth re?ective 
surface and the ?fth re?ective surface share a common edge. 

13. A luminaire for generating substantially uniform illu 
mination on a target surface comprising a plurality of LEDs 
mounted to a support and at least one optic connected to the 
support, the LEDs and the at least one optic being con?gured 
to generate a beam pattern Where a ?rst light intensity along 
an axis is about 20% to about 30% of a second light intensity 
that is generated at about 50% to about 70% angularly offset 
from the axis, Wherein the at least one optic cooperates With 
greater than one LED of the plurality of LEDs to produce the 
beam pattern. 

14. The luminaire of claim 13, Wherein the at least one 
optic includes a re?ector. 

15. The luminaire of claim 13, Wherein the plurality of 
LEDs are disposed along a ?rst line and a second line that is 
spaced from the ?rst line. 

16. The luminaire of claim 15, Wherein the at least one 
optic includes a ?rst re?ective surface, a second re?ective 
surface, a third re?ective surface and a fourth re?ective sur 
face, Wherein the ?rst re?ective surface and the second re?ec 
tive surface re?ect light from respective LEDs located along 
the ?rst line, and the third re?ective surface and the fourth 
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re?ective surface are con?gured to re?ect light from respec 
tive LEDs located along the second line. 

17. The luminaire of claim 16, Wherein the ?rst line and the 
second line each form a respective circle. 

18. The luminaire of claim 17, further comprising a further 
plurality of LEDs disposed inside the circle formed by the 
second line. 

19. The luminaire of claim 18, Wherein the at least one 
re?ector includes a ?fth re?ective surface con?gured to 
re?ect light emanating from the further plurality of LEDs 
disposed inside the circle formed by the second line. 

20. A method for illuminating a target plane comprising: 
providing a luminaire a distance measured in a vertical axis 

from a target plane; 
providing a plurality of LEDs on a mounting surface of the 

luminaire each facing toWards the target plane; 
directing light of a ?rst intensity from the plurality of LEDs 

toWard the ?rst area of the target plane that is normal to 
the vertical axis; and 

directing light, via a re?ective optic or a refractive optic, of 
a second intensity from the plurality of LEDs toWard a 
second area of the target plane that is offset from the 
vertical axis an angle 0t, Wherein the second intensity 
equals about the inverse of the ?rst intensity multiplied 
by the square of cosine 0t. 

21. A luminaire comprising: 
a ?xture housing; 
a plurality of LEDs disposed on a mounting surface in the 

?xture housing, a center of each LED positioned along a 
line and each LED facing toWards an associated target 
surface vertically spaced from the luminaire; and 

at least one re?ector, including a ?rst and second re?ector 
surface, disposed in the housing and con?gured to re?ect 
light emanating from each LED, Wherein the plurality of 
LEDs include a ?rst set of LEDs disposed along a ?rst 
line and a second set of LEDs disposed along a second 
line, Wherein the ?rst re?ective surface and the second 
re?ective surface re?ect light from the ?rst set of LEDs 
located along the ?rst line, and the at least one re?ector 
includes a third re?ective surface and a fourth re?ective 
surface con?gured to re?ect light from the second set of 
LEDs located along the second line. 

* * * * * 


